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The title complex, dicarbonyl-3/c C-(/^ 3 -3,6-dimethyl- 
3,6-diazaoctane-l,8-dithiolato-l:2:3/c 7 5:5^V,Ar',5' :> 5,S')(/i 2 -3,6- 
dimethyl-S^-diazaoctane-l^-dithiolato-l^/c 5 ^,^,^',^":^)-!^- 
diiron(II)-3-nickel(0) [Fe 2 Ni(C 8 H lg N 2 S 2 ) 2 (CO) 2 ], is the 
second example showing M(/x-S/\) 2 Ni°(CO) 2 coordination 
(M = any metal atom). Both Fe 11 ions are five-coordinated in 
distorted trigonal-bipyramidal geometries by two N atoms 
and three S atoms. The Ni atom is four-coordinated in a 
distorted tetrahedral geometry by two S atoms and two 
carbonyl ligands. One of the 3,6-dimethyl-3,6-diazaoctane-l,8- 
dithiolate ligands is disordered, the major component having a 
refined occupancy of 0.873 (2). The Fe- ■ -Fe distance is 
3.0945 (3)A and the Ni- ■ -Fe distance is 2.8505 (3) A. 




Experimental 

Crystal data 

[Fe 2 Ni(C 8 H 18 N 2 S 2 ) 2 (CO) 2 

M r = 639.16 

Triclinic, PI 

a = 8.4051 (3) A 

b = 12.7146 (5) A 

c = 13.3451 (5) A 

a = 70.475 (1)° 

B = 83.208 (1)° 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2004) 
7mi„ = 0.774, r max = 0.808 

Refinement 

R[F 2 > 2a(F 2 )] = 0.022 

wR(F 2 ) = 0.056 

S = 1.07 

6596 reflections 

301 parameters 



y = 79.309 (1)° 
V = 1318.38 (9) A 3 
Z = 2 

Mo Ka radiation 
ii = 2.13 mm~' 
T = 173 K 

0.35 x 0.10 x 0.10 mm 



41649 measured reflections 
6596 independent reflections 
5863 reflections with / > 2a(l) 
R,„. = 0.026 



2 restraints 

H-atom parameters constrained 
A/W = 0.84 e A~ 3 
A/Cw, = -0.31 e A~ 3 



Related literature 

For the structure of [Fe n (dsdm)Ni°(CO) 3 ] 2 (dsdm = 3,6- 
dimethyl-3,6-diazaoctane-l,8-dithiolato), see: Bouwman et al. 
(1999). For the structure of [Ni n (N 2 S 2 ')Ni°(CO) 2 ] (N 2 S 2 ' = 4,7- 
diazadecane-3,8-dione-l,10-dithiolato), see: Linck et al. 
(2003). For the structure of [Fe n (dsdm)] 2 , see: Hu & Lippard 
(1974). The synthesis of the starting materials [Et 4 N]- 
[Fe n (CN) 2 (CO) 3 I] and [Ni n (dsdm)] has been described by 
Jiang et al. (2009) and Turner et al. (1990). For structures of 
Ni-Fe hydrogenase active sites, see: Fontecilla-Camps et al. 
(2007). Structure checking was performed using PLATON 
(Spek, 2009). 



Data collection: SMART (Bruker, 2003); cell refinement: SAINT 
(Bruker, 2003); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: publCIF (Westrip, 2010). 

This research was supported by Yeshiva University and the 
Petroleum Research Fund (UNI No. 49424). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: PK2319). 
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Comment 

We studied the reaction between [Ni n (dsdm)] (Turner et al, 1990) and (Et 4 N)[Fe n (CN)2(CO) 3 I] (Jiang et al, 2009) in 

methanol solution in an attempt to synthesize a dithiolate bridged Ni-Fe complex [Ni II (dsdm)Fe II (CN)2(CO)2] to mimic the 
active site structure of Ni-Fe hydrogenase (Fontecilla-Camps et al. , 2007), However, an insoluble material was obtained. 
Solid state infrared spectroscopy of the material has shown the presence of both CO and CN ligands. This material was then 

treated with LiHBEt3 in THF to give a black-colored solution. Surprisingly, [Fe n (dsdm)]2Ni°(CO)2] (Fig. 1) was isolated 
upon diffusion of diethyl ether to the black colored solution. 

Reshuffling of ligands on [Ni n (dsdm)] is not unprecedented. Bouwman has shown that a tetranuclear complex 
[Fe n (dsdm)Ni°(CO)3]2 is isolated by the reaction between [Ni n (dsdm)] and K[HFe°(CO)4] in refluxing ethanol (Bouwman 
et al, 1999). Nickel is reduced by the low oxidation iron species in solution. In our system, a similar reshuffling occured, 
and nickel was reduced by hydride in THF solution. 

This molecule crystallizes in the triclinic space group P-l with one molecule per asymmetric unit. Part of the molecule 
is disordered. This disorder can be described as an approximate mirror operation about a plane along N4, N3, S4 and Fe2. 
The ratio between the two components of this disorder was refined freely, and converged at 0.873 (2). Bond lengths and 
angles between atoms of the major components of the disorders are determined with significantly higher accuracy than for 
those between the corresponding atoms of the minor components. 

Nevertheless, the structure of [Fe n (dsdm)]2Ni°(CO)2] shows several interesting features. It is only the second example of 

a M(n-SR) 2 Ni(CO)2 coordination other than (Et 4 N)2[Ni II (S2N2')Ni 0 (CO)2] (S 2 N 2 ' = |i 2 -4,7-diazadecane-3,8-dione-l,10- 
dithiolato-N,N',S,S,S',S') made by Rauchfuss (Linck et al, 2003). 

The trinuclear Fe-Fe-Ni complex is not symmetric. The Ni(CO)2 unit is bridged by two sulfur atoms from one 

[Fe n (dsdm)] unit. One such sulfur atom forms an additional bond to the adjacent iron. All four sulfur atoms in this molecule 
are different in their metal-coordination nature. S3 only coordinates to Fe2; S4 bridges between Fel and Fe2; SI bridges 

between Fel and Ni3; S2 bridges among Fel, Fe2 and Ni3. Even though both [Fe II (dsdm)J units are distorted trigonal 
bipyramidal, their geometries are significantly different. The structure of the non-Ni bridging [Fe(dsdm)] unit is similar to 

the tetramer, [Fe n (dsdm)Ni°(CO)3]2, reported (Bouwman et al, 1999) and the parent [Fe n (dsdm)]2 dimer reported by Lip- 

pard (Hu and Lippard, 1974). In the non-Ni-bridging [Fe II (dsdm)J unit, the axial bonds are much longer than the equatorial 
bonds, i.e., Fe2-N3 (2.381 (2)A) > Fe2-N4 (2.160 (2)A), and Fe2-S4 (2.4511 (4)A) > Fe2-S3 (2.3122 (4)A) and Fe2-S2 
(2.3919 (4)A). However, the Ni-bridging [Fe(dsdm)] shows more distorted trigonal bipyramidal geometry. Significantly, 
the difference between the axial Fel-Nl (2.241 (2)A) and the equatorial Fel-N2 (2.204 (2)A) is not as substantial. 
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The Fe-Fe distance is 3.0945 (3)A, which is similar to that in the tetranuclear Fe (dsdm)Ni (CO)3]2 and short- 
er than that in the [Fe n (dsdm)]2 dimer. The Ni-Fe distance is 2.8505 (3)A, which is similar to the Ni-Ni distance in 
(Et 4 N) 2 [Ni(S 2 N 2 ')Ni(CO)2]. 

Experimental 

Anhydrous methanol, THF, diethyl ether and LiHBEt3 (lAf solution in THF) was purchased from Acros. [Ni n (dsdm)] and 
(Et4N)[Fe n (CN)2(CO)3l] were prepared according to published procedure (Turner et at, 1990, Jiang et ah, 2009) 

To 0.265 g (1.0 mmol) [Ni n (dsdm)] dissolved in 10 ml methanol, a solution of 0.449 g (1.00 mmol) 
[Et 4 N][Fe n (CN)2(CO)3l] in 5 ml methanol was added. The reaction mixture was kept stirring for 2 h and a brown-colored 
precipitate formed. The precipitate was collected by fdtration, washed with 5 ml methanol 3 times and dried under vacuum 

to afford 0.300 g light-brown colored powder (IR (ATR): 1983, 2036, 2110 cm" 1 ). The identity of this brown powder has 
not been determined. 0.400 ml LiHBEt3 (1M in THF) was added to 0.086 g of this brown powder suspended in 2 ml THF, 
and the powders dissolved and the color turned black. The mixture was kept stirring for 2 h, and 6 ml diethyl ether was 
carefully added. The product, [Fe n (dsdm)]2Ni°(CO)2], (0.029 g) was isolated as black needles after 2 days. (IR (THF): 
1873, 1906 cm" 1 ) 

Refinement 

All hydrogen atoms were included at geometrically calculated positions and refined using a riding model. Isotropic dis- 
placement parameters of hydrogen atoms were fixed to 1.2 times the U e q value of the atoms they are linked to (1.5U e q for 
methyl groups). The final structure was checked for missing symmetry using PLATON (Spek, 2009). 

Disorder of the molecule was refined with the help of 2 restraints on the bond distances N3-C1 IB and S4-C14B. In addi- 
tion, all minor-component atoms were constrained to have identical anisotropic displacement parameters to their respective 
major-component counterparts. All non-hydrogen atoms were refined anisotropically. 

Figures 



Fig. 1. : Ellipsoid plot of [Fe u (dsdm)Fe u (dsdm)Ni u (CO)2] at 50% probability level. The 
minor disorder component is omitted for the sake of clarity. 
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dicarbonyl-3K 2 C-(|j3-3,6-dimethyl- 3,6-diazaoctane-1 ,8-dithiolato- 1 :2:3k 7 S:S,N,N',S':S, S')(|j2-3,6-dimethyl- 
3,6-diazaoctane-1,8-dithiolato- 1:2K 5 S,yV,yV',S':S)-1,2-diiron(ll)- 3-nickel(0) 



Crystal data 

[Fe 2 Ni(C 8 H 18 N 2 S2)2(CO)2] 
M r = 639.16 

Triclinic, PI 
Hall symbol: -P 1 
a = 8.4051 (3) A 
b= 12.7146 (5) A 
c= 13.3451 (5) A 
a = 70.475 (1)° 
(3 = 83.208 (1)° 
y = 79.309(l)° 
V= 1318.38 (9) A 3 



,-3 



1 = 2 

F(000) = 664 
D x = 1.610 Mgm~ 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 300 reflections 
9 = 2.5-28.4° 

(j. = 2.13 mm 1 
T = 173 K 
Needle, black 
0.35x0.10x0.10 mm 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2004) 
7mi„ = 0.774, r max = 0.808 
41649 measured reflections 



6596 independent reflections 

5863 reflections with / > 2a(I) 
R int = 0.026 

©max = 28.4°, 9 m i n = 1 .6° 

= 1 1 >1 1 

£ = -16^16 
/ = -17->17 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 2g(F 2 )} = 0.022 
wR(F 2 ) = 0.056 

S= 1.07 

6596 reflections 
301 parameters 
2 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = 1/[g Vo 2 ) + (0.0257P) 2 + 0.721 IP] 
where P = (P 0 2 + 2F c 2 )/3 
(A/o) max = 0.001 
Ap max = 0.84eA- 3 
Ap min = -0.31 eA~ 3 
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Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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U.41ol 
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U.4DDO 
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A 1 TT /T\ 
U.1Z/ (Z) 


pi in 
C13B 


A /I /I Al / 1 C\ 

U.44U3 (Ij) 


A O CAA ( 1 A\ 
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U.3 / /4 (1U) 
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U.ZDUO 
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u.uiyu ( /) 
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U.3o4o 
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U.UZ3* 
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U.1Z/ (Z) 
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U.4ZOJ 
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U.UZ3 


A 1 T7 
U.1Z / (Z) 
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CloB 
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U.3101 (l->) 
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U. j4Zj 
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U.UZ / 


A 1 77 /'TA 

U.1Z / yl) 


H16F 


0.2565 


0.4236 


0.5040 


A AT*7 * 

0.027* 


A 1 T*7 

0.127 (2) 


Nl 


0.18488 (15) 


-0.05031 (11) 


0.27614 (10) 


0.0160 (3) 




N2 


-0.08327 (15) 


0.12932 (11) 


0.21968 (10) 


0.0137 (2) 




N3 


0.10106(16) 


0.54665 (11) 


0.26911 (10) 


0.0163 (3) 




N4 


0.32667 (15) 


0.35576 (11) 


0.37691 (10) 


0.0146 (2) 




01 


0.16438 (17) 


0.14540 (12) 


-0.08973 (11) 


0.0326 (3) 
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02 0.4842 (2) 0.41629 (15) -0.06992 (14) 0.0542 (5) 



Atomic displacement parameters (A 2 ) 







TT 22 
U 


U 


U 


U 


1-7-23 
U 


Fel 


0.01141 (10) 


A A 1 1 /" ^7 Si A\ 

0.01 167 (10) 


A A 1 I /" A / 1 A\ 

0.01369 (10) 


A AA-"\ A A /•-7\ 

-0.00240 (7) 


A AA 1 OO l"7\ 

-0.00188 (7) 


-0.00282 (8) 


Fe2 


0.01255 (10) 


a a 1 -tA'-t / 1 r\\ 

0.01202 (10) 


A A 1 1 A /I /I A\ 

0.01194 (10) 


A AA-tAI ZO\ 

-0.00203 (8) 


A AA 1 f 1 C~l\ 

-0.00163 (7) 


A AA1 A A /0\ 

-0.00344 (8) 


Ni3 


A A 1 ~J1 A 1 1 A\ 

0.01734 (10) 


0.01883 (11) 


AA1/111 /1 A\ 

0.01431 (10) 


A AA A CT /0^ 

-0.00452 (8) 


A AAA/IO t~l\ 

0.00068 (7) 


A A A C 1 £ ZO~\ 

-0.00536 (8) 


SI 


0.01209 (16) 


A A 1 0 "7 ( 1 0\ 

0.01827 (18) 


A AI A/"/- / 1 0\ 

0.01966 (18) 


A AA1 1 A /I 1 \ 

-0.00310 (13) 


A A A A O 1 ( 1 1 \ 

-0.00083 (13) 


A A A /" 1 C ( 1 

-0.00635 (15) 


S2 


0.01514 (17) 


A A.11,10 / 1 "7\ 

0.01348 (17) 


A A 1 '"V'l A / 1 /"\ 

0.01239 (16) 


A AA1 1 -7 /I \ 

-0.00337 (13) 


-0.00058 (12) 


-0.00372 (13) 


S3 


a a 1 / 1 "i\ 

0.01420 (17) 


A A 1 C C\ C / 1 0\ 

0.01595 (18) 


A A1 OT1 MO\ 

0.01823 (18) 


A AAT11 / 1 1 \ 

-0.00223 (13) 


A A A A 1 1 /I \ 

-0.00011 (13) 


A A A /" "7 A /I ,1 \ 

-0.00679 (14) 


S4 


a a 1 "7 a a / 1 i \ 

0.01799 (17) 


0.01352 (17) 


A A 1 T 1 A / -\ f\ 

0.01314 (16) 


A A A <Tf /| T\ 

-0.00435 (13) 


A AAOAA /1 T\ 

-0.00200 (13) 


A A A 111 / 1 ■> \ 

-0.00111 (13) 


CI 


0.0172 (8) 


0.0192 (8) 


A A "I 1 <~\ / A \ 

0.0312 (9) 


A AAA 1 //^\ 

0.0001 (6) 


A A AAA 

0.0009 (6) 


A AAAA f 1\ 

-0.0099 (7) 


C2 


A A 1 A /I /C>\ 

0.0194 (8) 


0.0162 (8) 


0.0255 (8) 


A AAAO 

-0.0008 (6) 


A AAAZZ 

-0.0006 (6) 


A AAAZZ / C\ 

-0.0096 (6) 


C3 


a a 1 OA /t\ 

0.0189 (7) 


A A 1 /I 1 /'7\ 

0.0141 (7) 


A AO 1 1 ZO\ 

0.0211 (8) 


A AA/CA 

-0.0060 (6) 


A AATA 

-0.0020 (6) 


A A A C 1 t £\ 

-0.0051 (6) 


C4 


0.0160 (7) 


A A1 CA tn\ 

0.0164 (7) 


A AT 1 £ ZO\ 

0.0216 (8) 


A AA A /Z t £\ 

-0.0046 (6) 


A AAT A t£\ 

-0.0034 (6) 


A A A O 1 

-0.0081 (6) 


C5 


a a 1 a a /"7\ 

0.0149 (7) 


a ai q < ST\ 

0.0174 (7) 


0.0146 (7) 


A A A 1 1 //^\ 

-0.0013 (6) 


A A A /I ^ /f\ 

-0.0042 (5) 


A A A A A ( r\ 

-0.0040 (6) 


C6 


A A 1 CI /"7\ 

0.0153 (7) 


A A 1 /" A /•-7\ 

0.0160 (7) 


A A 1 AS /'7\ 

0.0146 (7) 


A AAA'"* (C\ 

0.0002 (5) 


A AA1 C ( C\ 

-0.0035 (5) 


A AA1 A ( f \ 

-0.0034 (6) 


C7 


0.0265 (8) 


A ai f ^ /n\ 

0.0152 (8) 


0.0243 (8) 


-0.0022 (6) 


A A A A^ /"7\ 

-0.0092 (7) 


A AAA A //^\ 

-0.0009 (6) 


C8 


A AI J J /"7\ 

0.0144 (7) 


A A 1 AI /0\ 

0.0192 (8) 


A A 1 S~ A /-7\ 

0.0160 (7) 


A aat 1 ( r\ 

-0.0037 (6) 


A A A A-7 /f \ 

0.0007 (5) 


a a a a r ( r\ 

-0.0045 (6) 


C9 


a a 1 a /i /o\ 

0.0194 (8) 


a a 1 -7 1 /n\ 

0.0171 (8) 


0.0268 (8) 


A A A I i / r\ 

0.0013 (6) 


A A A /" £" //^\ 

-0.0065 (6) 


A A A /" A /-7\ 

-0.0069 (7) 


CIO 


0.0220 (8) 


A A 1 ^ O l"7\ 

0.0128 (7) 


a ati a /o\ 

0.0230 (8) 


A A A A 1 f S~\ 

0.0001 (6) 


A AA /I 1 //^\ 

-0.0041 (6) 


A AA^A ( f \ 

-0.0059 (6) 


C15 


0.0357 (10) 


0.0173 (8) 


A A 1 f A /-7\ 

0.0159 (7) 


A A A C A /-7\ 

-0.0050 (7) 


-0.0054 (7) 


A AAA/" ( r\ 

-0.0006 (6) 


C17 


0.0215 (8) 


A A-t 1 ZO\ 

0.0216 (8) 


A A T A O /0\ 

0.0208 (8) 


A AA1 ^\ //^\ 

0.0032 (6) 


A A AI A ( f \ 

-0.0030 (6) 


A A A O /"7\ 

-0.0085 (7) 


C18 


0.0265 (9) 


A AT AA / 1 A \ 

0.0300 (10) 


0.0227 (8) 


A A A /" ^7 /'■-7\ 

-0.0067 (7) 


A A A C A 

0.0054 (7) 


A A A C A 

-0.0054 (7) 


CI 1A 


A A ^\ 1 /-i /OA 

0.0210 (8) 


A A A /" r - /I ^\ 

0.0065 (16) 


0.0164 (14) 


A A A r- ^ / A \ 

-0.0054 (9) 


A AA 1 O (1\ 

-0.0018 (7) 


A AAA/" /I O \ 

0.0006 (12) 


C12A 


0.0185 (8) 


A A 1 C"7 /O^* 

0.0157 (8) 


A A 1 "7/1 /t>\ 

0.0174 (8) 


A AA A A t ti\ 

-0.0044 (6) 


A AA1T 

-0.0033 (6) 


A AA/CA /"7\ 

-0.0060 (7) 


C13A 


a r\<-\ 1 a / A \ 

0.0210 (9) 


a a 1 0 /a\ 

0.0168 (9) 


A A 1 -7 /| /OA 

0.0174 (8) 


A AA1 ~\ /"7\ 

-0.0032 (7) 


A AAA1 (1\ 

-0.0093 (7) 


A AA 1 ^ /'7\ 

-0.0012 (7) 


C14A 


a at An sr\\ 

0.0208 (9) 


0.0154 (8) 


A AI AI ( 1 0\ 

0.0191 (18) 


A A A T A /0\ 

-0.0020 (8) 


A AAAA / A \ 

-0.0099 (9) 


A AAAO ( 1 1 \ 

-0.0008 (13) 


C16A 


A A 1 ZO\ 

0.0153 (8) 


A A 1 O /: /n\ 

0.0186 (9) 


A AT 1 A /A~\ 

0.0210 (9) 


A AAT O /"7^ 

-0.0038 (7) 


A AA 1 A t £\ 

0.0010 (6) 


A AAOA /'*7^ 

-0.0080 (7) 


CI IB 


a m 1 a /o\ 

0.0210 (8) 


A AA/C C /1 

0.0065 (16) 


A A1 CA 

0.0164 (14) 


A A A C A /A\ 

-0.0054 (9) 


A AA 1 0 tn\ 

-0.0018 (7) 


A AAA/C /I 

0.0006 (12) 


C12B 


0.0185 (8) 


0.0157 (8) 


0.0174 (8) 


-0.0044 (6) 


a aaii / y \ 

-0.0033 (6) 


-0.0060 (7) 


C13B 


0.0210(9) 


0.0168(9) 


0.0174 (8) 


-0.0032 (7) 


-0.0093 (7) 


-0.0012 (7) 


C14B 


0.0208 (9) 


0.0154 (8) 


0.0191 (18) 


-0.0020 (8) 


-0.0099 (9) 


-0.0008 (13) 


C16B 


0.0153 (8) 


0.0186(9) 


0.0210(9) 


-0.0038 (7) 


0.0010(6) 


-0.0080 (7) 


Nl 


0.0151 (6) 


0.0137 (6) 


0.0184 (6) 


-0.0022 (5) 


-0.0025 (5) 


-0.0038 (5) 


N2 


0.0141 (6) 


0.0132 (6) 


0.0141 (6) 


-0.0027 (5) 


-0.0017 (5) 


-0.0040 (5) 


N3 


0.0210(6) 


0.0133 (6) 


0.0145 (6) 


-0.0033 (5) 


-0.0028 (5) 


-0.0033 (5) 


N4 


0.0150 (6) 


0.0131 (6) 


0.0153 (6) 


-0.0029 (5) 


-0.0017 (5) 


-0.0035 (5) 


Ol 


0.0367 (7) 


0.0340 (7) 


0.0341 (7) 


0.0055 (6) 


-0.0133 (6) 


-0.0223 (6) 


02 


0.0591 (11) 


0.0505 (10) 


0.0465 (10) 


-0.0323 (9) 


0.0199 (8) 


-0.0022 (8) 



Geometric parameters (A, °) 

Fel— N2 2.2044 (12) C8— H8C 0.9600 

Fel— Nl 2.2408 (13) C9— C10 1.521(2) 

Fel— SI 2.3570 (4) C9— H9A 0.9700 

Fel— S4 2.3734 (4) C9— H9B 0.9700 

Fel— S2 2.4519 (4) C10— N3 1.484(2) 
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u.youu 


rr,, - ) XT1 

reZ — JN3 


Z.3oUv (13) 


P 1 C TU 1 CO 

CI J — rll jri 
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u.y /UU 


pi II") * 

CZ — riZA 


a mpipi 
U.V /UU 


P1/1A I I 1 1 D 

C14A — rll4r> 


A A*7AA 

u.y /UU 


pt 1 i"in 

CZ — riZB 


A Q"7AA 

U.y /UU 


C 1 OA — JN 4 


1 .4y4 (Z ) 


pi XT 1 

C3 — JN 1 


1.451 (Z) 


pi/r a tti/:a 
C 1 o A — rl 1 OA 


A A£AA 

u.youu 


PI P /I 

C3 — C4 


1 c 1 o 
1.315 (Z) 


P 1 £ A TT 1 £D 

C 1 o A — H 1 ob 


A fl/CAA 

U.96UU 


PI TTQ A 

C3 — 1 13 A 


A A*7AA 

u.y /uu 


Pl/C A TT i *rp 

C 1 OA — rl 1 OC 


A A/^AA 

u.youu 


pi 1 1 1 1) 

C3 — H3B 


A A*7AA 

u.y /uu 


pi i n pi in 

CI IB — C1ZB 


1 /IT PI\ 

1.42 (3) 


P/l XT'") 

C4 — JNZ 


1 /I Oil / 1 A\ 

1.45ZJ (iy) 


P 1 1 D XT"5 

C 1 1 B — JN 3 


1.3Z3 (lo) 


p/i 1 1 , i * 
C4 — rl4A 


A A*7AA 

u.y /uu 


pi 1 n ill 1 p 

CI IB — hll 1C 


A A*7AA 

u.y /UU 


P/l I I .1 D 

C4 — rl4r3 


A A*7AA 

u.y /UU 


pi i n 1 1 1 i n 
CI IB — rll 1L) 


A A*7AA 

u.y /UU 


PC XT1 

C3 — JNZ 


1 /i oc 1 /i n\ 

1.453 i (iy) 


P 1 TO XT A 

C1ZB — JN4 


1 A TA /1 
1.4ZU (1Z) 


PC P/i 

Cj — Co 


1 C 1 O /")\ 

1 .3 1 o (Z) 


I H) TJ1 IP 

C1ZB — hllZC 


A A*7AA 

u.y /UU 


PC IIC A 

Cj — H3A 


A A*7AA 

u.y /UU 


pi 'in 1 1 1 in 

C1ZB — hllZL) 


A A*7AA 

u.y /UU 


PC I I C o 

Cj — H3B 


A A*7AA 

u.y /UU 


pi ID XT A 

C13B — JN4 


1.455 (13) 


Co — rlOA 


A A*7AA 

u.y /UU 


pi ID ( " 1 1 I) 

C13B — C14B 


1 C/1 fA\ 

1.34 (4) 


P/i I |/,D 

Co — HOB 


A A*7AA 

u.y /UU 


C 1 ID T_T 1 1 P 

C13B — hll3C 


A A*7AA 

u.y /UU 


p^7 XT1 

C/ — JN 1 


1.4 /0 (Z) 


C13B — rll 3D 


A A*7AA 

u.y /UU 


P7 T47 A 


U.7UUU 


V 1 HD 1 1 1 Hv. 


0 Q700 


C7 — H7B 


0.9600 


C14B — H14D 


0.9700 


C7 — H7C 


0.9600 


C16B — N4 


1.604 (12) 


C8 — N2 


1.4843 (19) 


C16B — H16D 


0.9600 


C8 — H8A 


0.9600 


C16B — H16E 


0.9600 


C8 — H8B 


0.9600 


C16B — H16F 


0.9600 


XTO T7 „ 1 XT 1 
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